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ABSTRACT: Background. Despite its widespread use, there is no
consensus on the postoperative management in patients undergoing
free flap reconstructions. We report the largest study comparing flap
outcomes, morbidity, and cost in patients with head and neck cancer
free flaps who recovered in the intensive care unit (ICU) versus a
"specialty floor’’ setting.
Methods. This was a retrospective review of patients undergoing free
flap surgery for head and neck defects over a 4-year period. Patients
before a certain date went to the ICU for immediate postoperative care
and after to a non-ICU setting. Postoperative medical and surgical
complications and hospital charges were analyzed.
Results. Patients in the ICU group had a longer length of stay (LOS)
and incurred greater hospital costs than the patients in the non-ICU
setting. There was no difference in the flap failure rate between the 2
groups.
Conclusion. Consideration should be given to a floor-based postoperative
management regimen for this patient population. VC 2013 Wiley
Periodicals, Inc. Head Neck 36: 536–539, 2014
KEY WORDS: free flap, microvascular reconstruction, head and
neck, ICU, postoperative management
INTRODUCTION
Free flap microvascular surgery is an invaluable tool in
reconstructing head and neck defects. Despite its wide-
spread use, there is no consensus on the postoperative
management in patients undergoing free flap reconstruc-
tions. Although much has been written about monitoring
protocols and the effect of various pharmaceutical agents
on platelet aggregation and flap survival, there is a pau-
city of literature regarding the effect of postoperative set-
ting on outcome. A recent survey of academic otolaryng-
ology–head and neck surgery departments in the United
States showed that 88.9% of patients went directly to the
intensive care unit (ICU) postoperatively, for an average
of 2.4 days.1 At many institutions, patients are kept
sedated and intubated in the ICU to reduce the tension on
the closure and anastomosis and, presumably, protect it
from shearing forces imparted by patient movement. In
other cases, patients go directly to the ICU because of
lack of adequate nursing care in non-ICU settings.2
Although the majority of patients undergoing free flap
surgery go directly to the ICU, there are no good data to
show that this is necessary to optimize flap survival and
minimize morbidity. Several studies have illustrated that
patients with head and neck cancer, in general, have
equivalent outcomes whether they are managed postoper-
atively in an ICU or "specialty floor’’ setting.3–5 Similar
studies comparing patient outcomes in a large cohort of
free flap patients are lacking. A recently published retro-
spective review on a small group of patients (n¼ 52)
showed no difference in flap outcomes when patients
were extubated immediately after surgery compared to
those extubated in the ICU.6 In this report, both groups
went directly to the ICU but the group that was immedi-
ately extubated had a shorter ICU stay (2.0 vs 3.4 day;
p¼ .008) without a difference in hospital length of stay
(LOS; 8.2 vs 9.5 days; p¼ .21). Interestingly, this study
revealed that there was a higher incidence of pneumonia,
use of physical restraints, and pharmacotherapy for delir-
ium in the delayed extubation group. Taken together, the
available literature on this subject would seem to imply
that if adequate monitoring is available in a "specialty
floor’’ setting, an ICU stay would not only be unneces-
sary but may actually result in a greater number of com-
plications and higher costs to the health care system. In
today’s era of cost containment in health care, this rela-
tively simple change in postoperative management could
lead to substantial cost savings and improved outcomes.
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In this investigation, we report the largest study in the
literature comparing flap outcomes, morbidity, and cost in
patients with head and neck cancer free flap who recov-
ered in the ICU versus a "specialty floor’’ setting.
PATIENTS AND METHODS
This was a retrospective review of patients undergoing
free flap surgery for head and neck defects at the Arthur
G. James Cancer Hospital at The Ohio State University
from June 1, 2006, to June 30, 2010. Approval for the
study was granted by the Ohio State University Institu-
tional Review Board.
All patients before February 17, 2009 (ICU group)
went straight to the ICU after surgery. The patients after
that date (non-ICU) went straight to a "specialty specific
floor.’’ A specialty specific floor was defined as a dedi-
cated ward of the hospital where patients with head and
neck cancer typically recover postoperatively. Before
implementing the non-ICU protocol, extensive nursing
education and training was required. This joint physician
and nursing initiative included grand round presentations
on patient management, use of monitoring equipment,
identification of flap compromise, and development of
protocols for nursing care of patients who underwent a
free flap procedure. Although no new nurses needed to be
hired, staffing levels were adjusted so that nurses caring
for patients with flaps would be responsible for a maxi-
mum of 2 patients per shift. The only patients who went
to the ICU after February 17, 2009, did so because their
head and neck procedures included either a craniotomy or
thoracotomy.
ICU protocol patients were taken directly to the ICU
after surgery. Patients often remained sedated and on me-
chanical ventilation until deemed ready for weaning by
the ICU and primary teams. The head and neck surgical
staff instructed the ICU nurse as to the location and
appearance of the flap and the appropriate Doppler signal.
In the non-ICU protocol, after the patient came out of the
operating room (OR), he/she went directly to the post-an-
esthesia care unit (PACU) off of mechanical ventilation.
Then the floor nurse responsible for the patient’s care
would come to the PACU and assess the flap appearance
and Doppler signal with the surgeons. The patient would
then be transferred to the specialty floor after discharge
from the PACU. Regardless of protocol, nurses checked
the flap appearance and Doppler signal every hour for 48
hours, whereas residents checked it every 4 hours with
Doppler and pinprick. After 48 hours, the flap was eval-
uated every 4 hours by the nurse and every 8 hours by
the residents for an additional 2 days. Subsequent to this,
the flap was checked once per shift by the nurses and
twice daily by residents. All patients received daily
aspirin.
Clinical data were collected for all patients from opera-
tive and anesthesia records, outpatient and inpatient
charts, and nursing notes. Clinical data included age, sex,
smoking status, alcohol use, previous therapy, stage, tu-
mor type, site of cancer, flap type, operative time, and
estimated blood loss. The comorbidities that were
recorded included: diabetes, hypertension, history of
stroke or myocardial infarction, pulmonary, renal, hepatic,
vascular abnormalities, hypothyroidism, and nutritional
status. All flap-related medical and surgical complications
were recorded independently. Included in these were
myocardial infarction, cerebrovascular accident, O2 desa-
turation (<90%), ethanol withdrawal, return to the OR,
transfer to ICU, fistula, cellulitis, wound dehiscence, ab-
scess, sepsis, delirium, pneumonia, clostridium difficile
colitis, and hematoma. Financial considerations for each
patient included detailed analysis of hospital costs (direct
and indirect, fixed and variable) from the OR, laboratory,
pharmacy, nursing, consults, respiratory care, radiology,
and supplies. All data were organized in a tabular format
and analyzed using R, a free software environment for
statistical computing. The impact of each variable on out-
come was tested using Wilcoxon rank-sum test for contin-
uous variables, and the Fisher exact test for categorical
variables. Results were considered significant if the
p< .05.
RESULTS
A total of 257 patients were identified for this study.
There were 119 identified in the ICU protocol (June 1,
2006 to February 17, 2009) and 138 patients who were
operated on after February 17, 2009, and thus eligible for
the non-ICU protocol. Of these 138 patients, 13 patients
were ineligible for the non-ICU protocol as they were
admitted to the ICU immediately after surgery because of
coincident craniotomy and/or thoracotomy (ICU care was
requested by the Thoracic Surgery and Neurosurgery
Services). Therefore, 125 patients were included in the
non-ICU protocol arm. The mean ages for the ICU and
non-ICU protocol patients was 59.2 years and 58.9 years,
respectively (p¼ .74). The median number of comorbid-
ities was 2 for each group. There was no statistical differ-
ence between the patients in each treatment arm when
comparing previous therapies, age, sex, and tobacco or
alcohol use (Table 1). There were no deaths in either
cohort.
Length of hospitalization
When comparing protocols (Table 2), the patients in
the ICU protocol group had a longer length of stay (LOS)
than the patients in the non-ICU protocol (median of 9
TABLE 1. Characteristics of both patient groups (intensive care unit and
non–intensive care unit protocol patients).
ICU protocol Non-ICU protocol p value
Age, mean 59.2 58.9 .74*
Comorbidities, mean 2.53 2.24 .08*
Sex .18†
Female 35 48
Male 84 77
Tobacco use .96†
Never 21 23
Yes, currently 52 56
Yes, quit in the past 45 46
Alcohol use .30†
Never 47 58
Yes 72 67
Abbreviation: ICU, intensive care unit.
* Wilcoxon rank-sum test.
† Fisher exact test.
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days vs 8 days; mean, 10.28 vs 9.89; p¼ .008). The aver-
age LOS in the ICU was 3.5 days. When comparing all
patients who went directly to the ICU during the entire
study period (includes ICU protocol patients plus craniot-
omy/thoracotomy patients) to those who went directly to
the floor (non-ICU), ICU patients had a statistically lon-
ger LOS compared to non-ICU patients (median of 9
days vs 8 days; p¼ .007; Table 3).
After ICU vs non-ICU status, the next most important
determinant of the length of hospitalization was the pres-
ence of postoperative complications. The median number
of complications was 1 for both ICU and non-ICU
patients (p¼ .67). However, the LOS in patients who had
a complication postoperatively versus those with no com-
plication was highly significant (median of 8 days vs 10
days; p< .00001). Eleven patients (11 of 124; 8.8%) in
the non-ICU protocol were secondarily transferred to the
ICU because of flap failure (n¼ 5), O2 desaturation below
90% (n¼ 4), or other postoperative complications (n¼ 2).
When taking all factors into account, the independent pre-
dictor of transfer to the ICU after being on the floor was
an estimated operative blood loss of >500 cc (p¼ .027).
There were no significant differences in the complication
rate of either group with regard to cardiac, neurologic, or
other organ system disease. The ICU group had more pul-
monary complications than the non-ICU group (p¼ .002).
Flap outcomes
When comparing ICU to non-ICU protocol patients,
there was no statistical difference in complete flap failure
rate (4 of 119; 3.4% vs 5 of 125; 4%; p¼ 1). Because
there were some patients who needed an ICU bed after
surgery (for medical reasons or for neurologic monitor-
ing), patients who went straight to the ICU regardless of
protocol were compared to those who went straight to the
floor (non-ICU) regardless of protocol. There was also no
difference in the complete flap failure rate between the
ICU and non-ICU patients (4 of 131; 3.1% vs 5 of 126;
4%; p¼ .74). Analysis of the entire study population
revealed that flap loss (complete or partial) was associ-
ated with salvage surgery. Flap loss (complete or partial)
was rare in patients without previous therapy (5 of 149;
3.3%), but was much more prevalent in patients who had
undergone previous extirpative surgery alone (6 of 41;
14.6%) or previous radiation/chemoradiationþ /- surgery
(8 of 67; 11.9%). This was highly statistically significant
at p¼ .006. Overall, 7.6% of patients were taken back to
the OR either for flap salvage or management of a surgi-
cal complication with no difference noted between the
ICU and non-ICU groups.
Cost analysis
Financial comparisons were drawn between the ICU
and non-ICU groups including total charges, revenue, and
costs incurred for each patient in the OR, laboratory,
pharmacy, nursing, consults, respiratory care, radiology,
and supplies. Increases in PACU usage in the non-ICU
were also accounted for. Although the ICU group had
statistically significant longer operative times (p¼ .017),
the overall cost for OR services in the non-ICU group
was higher because of increased PACU costs. There were
no additional costs in terms of nurse training. Nursing
assignments were altered to accommodate the patients
who underwent a free flap procedure. The average net
revenue per patient in the ICU portion of the protocol
was $2134 greater than the average revenue per patient in
the non-ICU protocol. Interestingly, however, the average
cost per patient was also $3238 higher in the ICU proto-
col patients. As a result, the average profit per patient or
contribution to the margin was $1104 higher in patients
who were managed postoperatively in a non-ICU setting.
Cost savings per patient included the following: labora-
tory ($835), pharmacy ($651), ICU nursing ($4881), re-
spiratory care ($656), radiology ($249), and supplies
($224). This cost savings reflects the increased cost of
ICU management with daily chest X-rays, blood draws,
ventilator management, specialized nursing, and pharma-
ceutical costs for sedation. Therefore, non-ICU manage-
ment of free flap patients postoperatively not only results
in equivalent quality of care and shorter LOS, but also
contributes more revenue to the hospital margin.
DISCUSSION
Free flap reconstructive surgery allows head and neck
surgeons to perform radical resections while minimizing
cosmetic and functional defects. Even though it is widely
used, the postoperative management varies among institu-
tions. Some of these differences involve the way in which
the flap is monitored, which pharmacologic agents are
used to improve flap blood flow, and where patients are
admitted after the OR. In many institutions, free flap
patients go to the ICU after surgery. A 2007 survey
showed this to be the case in almost 90% of patients
undergoing free flap reconstructive surgery for head and
neck defects. The average LOS in the ICU for free flap
patients that is reported in the literature varies from 2 to
11 days. The advantages cited in ICU admission included
relative immobilization limiting shearing forces on the
vascular anastomosis, closer flap monitoring, and optimal
blood pressure control, among others. However, there are
numerous disadvantages with ICU monitoring, including
TABLE 2. Outcome comparisons between patients taken directly to the
floor versus intensive care unit in the postoperative setting.
Variables
ICU
protocol (n¼ 119)
non-ICU protocol
(n¼ 125) p value
Median LOS, d 9 8 .008
Complete flap failure 3.4% (4/119) 4% (5/125) 1
Blood transfusion 13.4% (16/119) 5.6% (7/125) .047
Abbreviations: ICU, intensive care unit; LOS, length of stay.
TABLE 3. Comparison of patients who went straight to the intensive care
unit after surgery and patients going straight to the floor.
Variables
ICU patients
(n¼ 131)
Non-ICU patients
(n¼ 126) p value
Median LOS, d 9 8 .007
Complete flap failure 3.1% (4/131) 4% (5/126) .74
Blood transfusion 12.2% (16/131) 5.6% (7/125) .08
Abbreviations: ICU, intensive care unit; LOS, length of stay.
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the use of sedation, which can result in decreased blood
pressure compromising flap perfusion, as well as pro-
longed ventilation leading to pneumonia and increased
hospital costs. The current study is the largest and first in
the literature to illustrate that there are many advantages
to non-ICU management of free flap patients compared to
routine ICU management.
The most important finding in this study is that there
was no significant increased morbidity or mortality in
patients who went directly to a specialty floor compared
to those who went directly to the ICU. This can only be
accomplished, however, when there is a well-established,
highly trained, and motivated nursing team that under-
stands the nuances of patients with head and neck free
flap management. At the Arthur G. James Cancer Hospi-
tal, a collaborative teaching effort on behalf of both the
surgical staff and nursing leadership was put in place
before routinely admitting postoperative free flap patients
to the floor. This team effort not only resulted in superior
patient care but it also instilled a tremendous sense of
ownership and responsibility to the nursing staff. Other
important findings in this study were that patients who
were admitted directly to the floor not only had equiva-
lent quality of care and outcomes, but also had signifi-
cantly shorter hospitalizations than their counterparts who
were admitted to the ICU postoperatively. This relatively
simple change in practice also resulted in lower hospital
costs and a greater profit margin for the institution. In an
institution that does at least 100 free flaps per year, the
overall cost savings is over $100,000. Some of these sav-
ings may manifest if the patients are sent to the ICU
unsedated and off mechanical ventilation, however, non-
ICU management also saves valuable ICU space for other
patients.
We acknowledge some limitations in this study. First, it
is retrospective and not a randomized trial. Second,
because the non-ICU group was more recent in time,
there may have been an overall increase in the quality of
postoperative care as experience grew with these patients.
Finally, there were additional primary and flap surgeons
in the non-ICU group.
Before this investigation, there were few other studies
in the literature that have attempted to compare flap out-
comes and postoperative morbidity in this patient popula-
tion. Godden et al,3 illustrated that, in general, patients
with head and neck cancer can as effectively be managed
on a specialty floor as the ICU. This study, however, did
not specifically differentiate between flap and non-flap
patients. McVeigh et al7 showed a 98% flap survival rate
in 68 patients undergoing free flap reconstructions for
oral and oropharyngeal defects who were monitored out-
side the ICU setting. This illustrated that non-ICU man-
agement of these complex patients was feasible and safe
but their study did not include an ICU comparison group.
Recently, the University of Virginia group examined
whether immediate postoperative extubation would affect
free flap outcomes and morbidity in head and neck free
flap patients.6 In this study, all patients were taken to the
ICU but 26 of 52 patients were extubated immediately af-
ter surgery. They found no differences in terms of flap-
related complications when compared to the group that
remained intubated for 24 hours. There was a significant
increase in the rate of postoperative pneumonia, delirium,
and the use of restraints in the late extubation group,
however. The closest study to ours in the literature was
conducted in the United Kingdom. In a much smaller
cohort, they found no difference in general medical com-
plications or flap survival regardless of where free flap
patients were taken immediately after surgery.8
Taken together, the available literature and the current
investigation question the rationale for sending patients
directly to the ICU after head and neck free flap surgery.
It is clear that it is unnecessary to keep patients sedated
and on mechanical ventilation solely for purposes of flap
survival. However, there are several instances in which
ICU management is clearly indicated. This includes cases
in which much more aggressive hemodynamic or neuro-
logic monitoring is indicated, such as cases in which a
thoracotomy, laparotomy, or craniotomy were performed.
In this study, we also recognized that patients who had
greater than 500 cc of operative blood loss were at a sig-
nificantly higher risk for transfer from the floor to the
ICU in the postoperative setting. As a result of this find-
ing, these patients may be best served with closer moni-
toring in the ICU setting after head and neck free flap
surgery.
CONCLUSION
In this study, patients with head and neck cancer under-
going resection and immediate free flap reconstruction
had equivalent outcomes with regard to flap survival and
morbidity whether they were taken directly to the ICU or
to a specialized hospital ward. Additional advantages of
having patients go directly to the floor include signifi-
cantly shorter hospitalization and significantly lower hos-
pital costs. Patients who should be monitored postopera-
tive in the ICU include those who have greater than 500
cc of operative blood loss and those who undergo thora-
cotomy, craniotomy, or laparotomy as part of their abla-
tive procedure.
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